In order to examine the effectiveness of using PowerPoint slides as a teaching aid in the postsecondary classroom, this exploratory study compared the impact on teaching effectiveness of the number and density of slides, as well as the use of visuals and other non-textual elements within slides. The number of slides used per session appeared not to affect effectiveness but lower den sity (3 bullet points and 20 words or less per slide) was associated with effectiveness. Results for the 10 instructors teaching 17 classes on information management from 2003 to 2009 were also analyzed by teaching style. Instructors identified as "Experts" and "Facilitators" more often used pictures, photos, charts, graphics, and sound in their slides compared to instructors with other Grasha-Riechman styles. Best practices for using PowerPoint slides are suggested.
Introduction
As entering professionals and organization managers, university graduates will have to be skilled at managing information in their roles to succeed in turbulent economic conditions (Schelee & Harich, 2010) . Postsecondary education in information management has for over a decade included many classes being delivered with PowerPoint and other presentation software as a basis for communication of learning points (Huxham, 2010) . Publishers typically supply 20 to 50 slide summaries to accompany each chapter of their textbooks. These slide decks usually have a high degree of production, including animation and links to websites. Students also make class presentations, often relying heavily on PowerPoint slides.
While PowerPoint can be useful in providing a brief outline to facilitate note-taking and underscoring points with "high impact photos, charts, graphs, film clips and humor" its excessive use has been widely considered to be detrimental to the complex decision making required in organizations (Hammes, 2009) . The effectiveness of classroom use of PowerPoint slides may be partially determined by instructors' teaching styles. The Grasha & Riechman teaching styles measurement (Grasha, 1996; Grasha & Yangarber-Hicks, 2000) could help examine the effectiveness of PowerPoint on teaching information management in the postsecondary classroom.
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Theoretical Background

Literature Review of PowerPoint Use
Higher education studies on early use of presentation aids primarily focused on the transition from overhead projection to PowerPoint slides as the main presentation medium in classrooms in the 1990s. More recently researchers have mainly examined the linkage between PowerPoint and student engagement (Burke & James, 2008) or explored the efficacy of this widely used presentation software (Daniels, 1999; Isaacs, 1994) . In the past decade, a more nuanced approach to studying PowerPoint usage has emerged, with studies examining aspects such as the connection between PowerPoint handouts and student test or material recall performance (Adams, 2006; Noppe, Achterberg, Duquaine, Huebbe, & Carol, 2007) . A key area that has been explored is the effect of PowerPoint on classroom interactions. Szabo and Hastings (2000) have demonstrated that the use of PowerPoint increased lecture attendance, thereby making the most compelling case for adopting PowerPoint in the classroom. At the same time, Frey and Birnbaum (2002) , in surveying a Russian fairytale course, argued that PowerPoint lectures fuelled disruptive behavior in the classroom --including dozing, checking email, and non-attendance --as a result of slides being made available outside the class. Burke and James (2008) used the cognitive measure of stimulus novelty to explain the popularity of presentation software in both the academic and realworld business settings. Specifically, they suggest that the perception of novelty through the use of PowerPoint has a positive correlation with constructive classroom attitudes.
Criticisms of PowerPoint have increased in the past decade. Tufte (2003) launched the most vehement critique, arguing that PowerPoint slides lead to over-reliance on a hierarchy of ideas, over-simplification, and linear thinking on part of the presenter and audience. In surveying classes with and without PowerPoint lectures, Cyphert (2004) and Kunkel (2004) discovered that there was no significant difference in student performance or understanding of material. Further, these studies argued that PowerPoint usage stifled pedagogical creativity and led to poorer audience engagement. Neal (1998) argues that technology use in the classroom can actually have a negative impact on teaching and learning by creating impersonality and a shift of focus from a "learning experience" to the "delivery of instruction." There is at least one YouTube video pointing out "Death by PowerPoint" (BrainRulesBook, 2008) . However, this type of caveat does not appear to be reducing PowerPoint usage in business or even the military (Klein, 2009) .
Although the use and abuse of PowerPoint has been explored with relationship to student learning, few studies are currently available that examine the dependency of perceived teaching effectiveness on PowerPoint usage. "Thus far in literature, how the use of… PowerPoint slides affects teaching styles is largely unknown. Do professors speed up their lectures, use more discussion,… put students in a hypnotic state by reading the handouts/slides, or teach in a more relaxed fashion (with PowerPoint)?" (Noppe et al, 2007) .
Observation of slide decks provided by publishers of textbooks such as Pearson, McGraw-Hill, and Thompson, as well as feedback from instructors and students in informal sessions led to the hypothesis that PowerPoint slide use varies from class to class and instructor to instructor on the following variables: number of slides per hour/class, word density, layout, use of non-textual elements such as graphics, and insertion of engagement techniques such as questions, assignment set-ups, and web addresses.
Literature Review of Teaching Styles
Grasha and Riechman's teaching style survey (Grasha & Riechman, n.d.) outlines a range of teaching roles, namely Expert, Formal authority, Personal model, Facilitator, and Delegator (see Appendix for definitions). Grasha and Yangarber-Hicks' work (2000) takes the concept of teaching styles further and examines their correlation with the use of instructional technology (including audio-visual materials, PowerPoint, and Web content) in the 21 st -century classroom. Ford and Chen (2001) furthermore posit an interaction between gender, learning styles, and instructional presentation techniques in their work on matching and mismatching learning styles with teaching styles in an introductory HTML course. In another interesting study of teaching styles in business schools, Kragh and Djursaa (2006) examine data from 26 countries to propose a close relationship between indicators of authority and student empowerment. In medicine the use of the Grasha teaching style has been shown to increase teaching effectiveness when used to pair teachers and learners (Vaughn & Baker, 2008) .
However, the teaching styles literature so far has not isolated different kinds of technology and examined them. This paper focuses its attention on one specific (and widely used) presentation software, namely PowerPoint, and limits its examination to the classroom context. Two intersecting axes delineate the scope of this study: (1) Lowman's definition of effective teaching (1994) as a combination of intellectual excitement, interpersonal concern, and motivation, and (2) the instructional method bias (Kragh & Djursaa, 2006 ) that credits personal preferences for structural features (visual novelty, in the case of PowerPoint) with selection of teaching processes and methods.
Method
The authors conducted an exploratory study of faculty members teaching a postsecondary course on information management that was a survey of key topics such as sources, validity, citation style, and use of data in making management decisions. Instructors were asked to indicate the nature of their use of PowerPoint slides, the effectiveness of their use, and to describe their teaching style. In exit interviews, students were asked to evaluate each course module and instructor effectiveness in terms of knowledge of subject matter, professionalism, and understanding.
The Grasha-Riechman instrument was used in classifying instructor style (Grasha & Riechman, n.d.) . Instructors were first asked to identify themselves using the one-word descriptor of the five Grasha-Riechman styles and then by a 40-question inventory included in the web survey. The latter was used in analysis.
The correlation between teaching styles, PowerPoint usage, and perceived teaching effectiveness (through exit interview comments) will be analyzed below. The main focus of investigation is the textual and visual quality of PowerPoint slides used as it relates to teaching styles and studentperceived effectiveness.
Sample and Data Collection
This study used observation of 17 survey classes (totaling 353 students) on information management conducted in a small post-secondary institute in a major U.S. metropolitan area. These classes were given in the time period 2003 to 2009 by 12 instructors to classes of largely British students. This sample is supplemented by a second program in the same institute involving two classes given to 11 students at the MBA level. Both programs are characterized as having all students work at a full-time internship positions with classes held evenings and weekends.
Because the courses were taught in the U.S., instructors were American and/or drawn from American work backgrounds. Instructor data was collected through a web survey asking the extent and type of use of PowerPoint slides in their classes. The survey was sent in November-December 2009. Ten of the 12 instructors responded for an 83.3% completion rate.
Learning outcomes were collected via individual interviews immediately on each student's finishing the class over the time period of 2003 to 2009. Students were largely drawn from the United Kingdom (91.2% British) and were traditional college age. Females represented 54.8% of the total sample. Prior majors included business (48.0%), humanities (33.1%), law (11.4%), and other (7.5%). A total of 144 students completed the interview for a 40.7% completion rate.
Findings
The average number of slides used per 90-minute session was 22.7 with an average of 27.8 words per slide, divided over 5.6 bullet points. The instructors reported changing slides over time, most by adding graphics elements such as pictures. Some also included web addresses, charts, sound, animations, discussion questions, and exercises. Statistical testing was used to measure differences in instructor use of PowerPoint and its relationship to teaching style. Chi-square tests were used to assess significance. (See Table 1 Delegator 1 * Chi-square testing shows difference at < .10 level
Patterns did emerge in answer to the first research question, What is the relationship, if any, between teaching styles and the use of PowerPoint Slides in information management classes?
Instructors identified as having Expert and Facilitator styles reported using more non-textual elements of all types in PowerPoint slides than those with other styles (p = < .10).
The next three research questions were:
• Does the number of slides used per hour affect teaching effectiveness?
• Is the density of slides, as measured in numbers of words and bullet points per slide, a contributor to teaching effectiveness?
• Does the use of drawings, photos, and animations in slides contribute to teaching effectiveness?
The number of slides used did not affect reported teaching effectiveness, but lower textual density appears to relate to more positive student feedback. The instructor with the highest teaching effectiveness comments and the one with the most negative both used a relatively high number of slides (35) per session. However, the higher rated instructor used only an average of 3 bullets and 20 words per slide, whereas the lower rated instructors used 5-7 bullets and 25-70 words per slide. Both used many forms of graphic additions (pictures, photos, charts, sound, graphics, and illustrations).
Twenty-one of the 353 (5.7%) students from the 17 information management class sections offered specific comments on PowerPoint slides in their exit interviews, which were conducted by the institution as an additional quality assurance measure along with course evaluations. Positive student feedback on slides from exit interviews, amounting to 3.7% of the student feedback, was the slides were "nice" and "interesting." The negative comments (2.0% of the student feedback) at the other end included: "PowerPoints in advance would be useful" and "could have more discussion with slides."
The instructor feedback was a counterpoint to these student comments. They said the value of PowerPoint slides included an increase in learning when visual elements were used, specifically concise illustrative points and visualized structure. Another theme was the usefulness of copies of slides in distributing notes, especially those with links. More than half the instructors said they watched student engagement with slides and took action when energy dropped: adding team or individual exercises, posting questions and discussion topic slides, and even skipping over less relevant slides to reduce the number.
The fifth research question was, Is the connection within a slide to a website providing information from the Internet used often and if so, how does it affect teaching effectiveness?
The highest rated instructor was one of the few not using website addresses on PowerPoint slides, whereas the lowest indicated use of website addresses. In answer to the sixth research question, What change has occurred in the use of PowerPoint slides over time in teaching information management? instructors reported that their slides had changed in character more than in number. Note that this response is likely subject to their ability to recall changes over the six years of the survey period.
(See Figure 1. )
Figure 1. Change in How Slides Used
The last research question was, What value do instructors perceive PowerPoint slides adding to teaching and learning information management? All respondents agreed that PowerPoint slides add visual interest and increase knowledge transfer through visual learning. As one instructor said, "A picture is worth a thousand words." Most also agreed that they help pacing (8 respondents), help organize thoughts, and are a memory aid for presenting (7 respondents each). PowerPoint slides are both a memory aid for students and help convey complex ideas compactly (7 respondents). Of less importance were the access to pre-prepared slides (3) and providing students with expected notes (3 respondents).
Conclusion
This study's outcomes suggest that the use of presentation software such as PowerPoint varies depending on instructors' teaching styles. The connection between the number of PowerPoint slides used in class and perceived teaching effectiveness is not shown to be very robust, rather the character and use of slides is the main focus in student feedback. The suggested rule of thumb is no more than three bullet points or 20 words per slide. Developing more visual slides is important as is using PowerPoint to structure argument and to develop concepts that cannot be easily captured in words.
Instructors with "Expert" and "Facilitator" styles in Grasha-Riechman's model are most likely to use a broad range of visuals to supplement textual slides compared to instructors with other styles. This finding would support the variation in use of audiovisual aids in research on GrashaRiechman teaching styles.
The study reveals that lower textual density in slides and added non-textual elements both appear to stimulate positive student feedback. This finding may be helpful in understanding of why PowerPoint slides can sometimes increase student engagement and other times reduce it. Slides that are very text dense may not add to teaching effectiveness. And, there was no specific mention of visual novelty as important to engagement, as observed by Burke & James in 2008 . PowerPoint after all is no longer novel.
The strong positive association around the visual quality of PowerPoint slides supports the reported change in slide character being a move away from text-heavy slides. Interestingly, the addition of Website links yielded no report of increased engagement or teaching effectiveness.
Instructors appear to be using PowerPoint slides to communicate learning points and to provide pacing for classroom time. They recognize that visual learning can supplement the spoken word and improve student retention. Dense information and complex ideas can often be better communicated with presentation software, while modeling presentation best practices in class and in the workplace. Effective instructors monitor engagement in their classes and use slides to stimulate discussion. When engagement falters they are prepared to reduce the number of slides used. In sum, the popularity of PowerPoint slides in teaching information management may well increase teaching effectiveness and slides are not used solely due to their availability from publishers.
Delimitations and Limitations
This survey is limited to students in one business institute in a major Northeastern city in the United States. The school draws students largely from the United Kingdom. Therefore, the results may be generalized only to similar contexts. The longitudinal aspect of this study is based on successive classes of similar students and not on following the same students through a succession of school years.
Other questions must be posed in interpreting this research. Grasha-Riechman's learning styles inventory, which complements their research on teaching styles, has not been considered in this study. In particular the learning preferences of visual learners around PowerPoint slides may have implications that are not explored here.
Recommendations to Practitioners
The way PowerPoint decks are used appears to be more important to student learning than the number of slides used. The range of the number of slides used (one to more than 30 per hour) suggests that as many as one slide every two minutes can be part of an effective teaching technique. However, best practices dictate that instructors (1) use no more than three bullets points or 20 words per slide; (2) add visual elements to text slides; (3) include devises such as questions and discussion topics in slides; and (4) when student engagement declines, cut out non-essential slides. These guidelines may be useful for not only instructor presentation of information but also for students learning the most effective methods of presenting information.
Recommendations for Future Research
First, this study was exploratory and the sample sizes are small. Repetition using larger sample sizes is an obvious next step. There is also the likelihood that expectations for classroom formats vary across cultures. Even in this small-scale study, there was some indication that the largely British students expected the American instructors to provide engagement beyond the slides as they had experienced in home-country schools. Thus, research across cultures could expand the implications of the findings. It also may be that PowerPoint slides are more appropriate for survey courses as opposed to specialized courses. The courses used in this study were of the survey type and covered key information management topics but made little or no attempt to provide indepth instruction on any one topic. Future research could also include how PowerPoint affects groups such as male/female, high ability/low ability, and different age groups other than the traditional college student.
Furthermore as the media landscape evolves with more animation, videos, and interactive elements on the web, PowerPoint itself will no longer be novel. Therefore, continued current research on its effectiveness is important to gauging how best to use it and new generations of presentation software such as Prezi.
